A variety of devices have been used to establish long-term intestinal access in laboratory animals. Their use is complicated by infection, tissue reaction, and a frequent need for single housing to prevent implant damage.
There are many chronically instrumented animal models today where time of usage is limited by infection, leakage and/or tissue rejected implants (Hill et al. 1996) . Instrumented animals are often singly housed to avoid external parts of an implant from becoming damaged by other animals. Vests, collars and other devices are often required to protect the implants, and these procedures have been well reviewed (Debas 1986 ). Methods of surgically implanted subcutaneous access ports where intestinal access is via an intestinal catheter are not included for comparison with the method described in this paper since the only use shared by the two methods is intraintestinal administration of liquids. The nipple valve facilitates several other access needs as well. Nipple valves occur naturally in the body in places such as the lower oesophageal sphincter and the ureterovesical junction. The functional principle of a nipple valve is that it is located within the reservoir which must not leak i.e. which has to be continent. An increase in pressure inside the reservoir will cause an increased closing force on the nipple valve as the 'lips' are pushed tighter together forming a stronger seal.
The surgical method described in this paper is a modification of the intussuscepted nipple valve used to create a Kock's pouch, a surgical method used in humans to create a continent ileal reservoir or a continent urostomy. The method was first performed by Dr Nils G. Kock at the Sahlgrenska Hospital in Sweden in the late 1960s (Kock et a1. 1982) .The method has later been used for the creation of continent urostomies in dogs ILamesch & Dociu 1984 , McCarthy et al. 1992 .
A nipple valve creates a biological one-way valve between the duodenum or colon and the exit site on the surface of the dog. The Wilsson-Rahmberg & Jonsson valve enables insertion of various probes, cannulas or catheters into the intestinal lumen. This can be performed on a conscious dog with no discomfort to the animal. The size of the object inserted can be up to 10 mm in diameter. Uses include the insertion of catheters for duodenal or colonic drug administration and the insertion of probes to measure or sample intestinal content. Drugs can be deposited in the intestine either in the form of solutions or suspensions or in solid form as in tablets or capsules. The time required for an instrument to remain in the intestinal lumen can vary from seconds as in drug administration to several hours for monitoring changes of intestinal content. In the latter case the external part of a probe is taped to the skin and protected by a vest for the duration of the experiment. At no time is there any leakage of intestinal contents, neither when the animal is running free in its pen nor when a probe is inserted and left in place for several hours. The valve will create a seal around the inserted object. The cone (c) is then fitted over the threads of handle (a) and pushed through a small skin incision, through the muscle wall and peritoneum into the abdominal cavity.The cone is then removed and replaced with the polyester washer (d).The cutting tool should now be on the outside of the dog while the polyester washer is mounted on the handle on the inside of the abdomen. Bypulling up on the handle and pushing down the cutting tool in a downward, circular motion towards the polyester washer, a cylinder shaped piece of tissue will be cut out leaving a perpendicular hole right through the skin, muscle and peritoneum
Materials

Dogs
Fourteen dogs were prepared surgically with one or two nipple valves in the duodenum, ileum or colon. Of these 14 dogs there were two female beagles, five female and five male Laborador retrievers and one female and one male Swedish harrier. The age of the dogs at time of surgery ranged between 11 and 36 months with an average age of 18.36 months and the weights were between 9.7 and 25.5 kg (Table I) .
All dogs were obtained from designated commercial breeders with the exception of the two Swedish harriers which originated from Astra Hassle's own breeding colony.
The dogs were housed in groups of 2-3 animals, separated for feeding twice daily but spending approximately 22 h a day running free in indoor pens. Each dog had access to its own sleeping box adjacent to the pen at all times. Pen sizes were 10 m 2 /2 large dogs and 8 m 2 /2 beagles. Both exercise pens and sleeping boxes were bedded with wood shavings. Each dog was fed dry dog food SDS DB (SDS Breeder Diet, SDS Feeds, UK) twice daily at approximately 09:00 and 15:00 h. Water was available at all times. The dog runs were exposed to natural light at all times as well as fluorescent lighting in the daytime which are automatically switched on at 06:00 and off at 18:00 h.
The method described in this paper was approved by the local ethical committee for animal experiments in G6teborg, Sweden. 
Surgical instruments
Other than a standard surgical set of instruments including eight Allis tissue forceps 15 cm in length, a stainless steel punch was used to create the exit hole through the muscles of the body wall. This punch was manufactured in the Astra Hassle instrument shop. The cutting edge of the punch was sharpened at regular intervals and carefully examined microscopically to ensure maximum sharpness and absence of burrs ( Fig 1) .
A sterile stomach tube, 6 mm in diameter, was used to guide the invagination of the intestinal segment.
Methods
Anaesthesia and monitoring
Prophylactic antibiotics were used in all cases, amoxicillin (Imacillin, Astra Liikemedel, S6dertiilje, Sweden) 10 mg/kg, twice a day for 10 days, administered orally, treatment initiated the day prior to surgery.
Anaesthesia was induced either with metohexital sodium [Brietal, Lilly, Indianapolis, USA) or propofol (Diprivan, Zeneca, Macclesfield, Cheshire, UK) and maintained with isoflurane in a mixture of nitrous oxide and oxygen. A puis oximeter, (Ohmeda 4700 Oxicap Boc Ohmeda, Helsingborg, Sweden) was used to monitor physiological parameters throughout the surgical procedure. During surgery the dog rested on a heating pad and was wrapped in a tin foil 'survival blanket' to maintain body temperature which was measured by a digital oesophageal thermometer (manufactured in Astra Hassle's instrument shop). An additional digital thermometer was placed between the dog and the heating pad, inside the survival blanket, registering the temperature applied to skin on the animal's back. Each dog received intravenous fluids throughout surgery, RmG, (Rehydrex with Glucose 25 mg/ ml, Kabi Pharmacia, Sweden) 18 ml/kg/h. All physiological parameters, levels of gases as well as fluids received were continuously monitored and recorded every 10 min. Analgesic agent used was buprenorphine (Temgesic, Reckitt and Colman, Hull,
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England) 0.03 mg/kg i.m. which was administered 10--15 min prior to completion of surgery.
Post-operative care
During recovery the dog was placed on a padded mattress and covered with a blanket in an isolated, sound dampened and ventilated recovery box. When fully awake the dog was moved to the post surgery unit where the general condition and wound sites were carefully monitored for 3-4 days after which the dog was moved back to its old pen. The dog received buprenorphine twice daily as long as it seemed to experience pain and/or discomfort. Typically the dogs required analgesic treatment for no more than 24 h post surgery, after which they moved around freely without apparent signs of discomfort. Post-operative feeding routines consisted of frequent feeding of small portions canned dog food of high nutritional value gradually replaced by moistened dry dog food. Four weeks post surgery the feeding routine returned to normal with 2 portions of dry dog food per day.
To prevent dogs from chewing the exteriorized intestinal segment each dog was fitted with a collar directly after surgery and throughout the entire healing phase of 4 weeks. The collar of choice was a Lomir@ collar (Lomir Biomedical Inc., Ile Perrot, Quebec, Canada) which does not obscure sight or hinder intake of food or water. However, dogs that were agile and determined enough to reach the exteriorized intestinal segment while wearing the Lomir collar were fitted with a standard Elizabethan collar for the same duration of time.
Surgery
The dog was placed in a dorsal recumbency and a 10-12 cm midline, abdominal incision was made. An approximately 25 cm segment of the small intestine, about 75 cm distal to the pylorus, was isolated and separated. It is of utmost importance to select a segment with a good vascular supply. The mesentery was divided between the mesenteric vessels to as close to the mesenteric root as possible to get a long free stalk to the intestinal c c B segment. The peristaltic direction was marked by the placement of a loose suture at the oral end of the intestinal segment. The segment was then rinsed through with warm physiological saline until clean and tucked back into the right side of the abdominal cavity to stay moist and warm. For duodenal and colonic access the segment was placed on the right side of the abdomen, for ileal access the left side was the most anatomically correct.
The free ends of the intestine were joined by an end-to-end anastomosis with an inverting single interrupted suture technique using braided polyglycolic acid size 3-0 (Dexon, Davies & Geck, Cyanamid International Division, New Jersey, USA) (Fig 2) .
The isolated segment was brought out of the abdominal cavity and a stomach tube 6 mm in diameter was inserted from the oral end. Two Allis tissue forceps lAJ and A2' Fig 3) were inserted into the segment in the opposite direction to peristalsis and the intestinal wall was grasped approximately 12 cm from the proximal end, on opposite sides of the lumen, at 3 and 9 o'clock with Figs 3 and 4) were used to grasp the distal edge of the segment and the segment was gently inverted until the point where the Allis tissue forceps Al_2 were fastened became the most distal end of the segment (Fig 4) .
The mucosa was cut or scraped off at 3 and 9 o'clock along the entire length of the invaginated segment. This was to create surfaces which would adhere and grow together to stabilize the nipple valve.
At this point there are two alternate ways to complete the nipple. Method I, which is the easiest to perform, is the method of choice where the intestinal radius is sufficient and will not cut off the blood supply to the inverted part of the intestinal segment. Method 2 is somewhat more complicated and time consuming but is necessary in cases where the intestinal radius does not allow Wilsson-Rahmberg & Jonsson the first method. Method 2 was only used for one of the dogs in this study and then on a female beagle lid-number 1197) with a body weight of 9.7 kg. Although in the other female beagle with a body weight of 10.7 kg lid-number 1204) the lumen of the intestine was bordering on being too narrow with the result that the intestinal segment did initially turn cyanotic indicating poor perfusion. Within 24 h the colour of the exteriorized part of the intestine had returned to normal indicating that the circulation had been restored. There were no other post-operative complications in this dog.
Method 1 Two Allis tissue forceps IA l -8f Figs 4 and 5) were inserted between the serosal surfaces grasping the outer intestinal wall 6 cm from the distal edge. The distal third of the segment was then folded back creating a nipple valve approximately 6 cm in length. The invagination was secured by transversely, at 3 and 9 o'clock, placing a Method 2 In cases where the intestinal wall is comparatively thick and the intestinal radius small it is usually difficult to harvest the nipple inside the intestine. In such cases a chamber can be constructed for the nipple by opening the intestine antimesenterically for a distance of 10-12 cm and fold back the distal half of the opened segment. Side-toside anastomoses are performed as indicated in the figure with 3-0 braided polyglycolic acid continuous sutures. The length of the detubularized nipple containing the chamber will thus be 5-6 cm (Figs 6 and 7) .
The technique is then the same regardless of method used. The placement of the nipple valve was then determined and a 2-3 cm longitudinal incision was made at the anti- Great care should be taken to ensure that mesenteric blood supply will not become restricted when the dog stands up or moves around. With a nipple valve positioned on the duodenum the mesenteric border should be turned towards the pyloric sphincter. The ability of proper positioning comes with experience but a wrong judgment does often become evident resulting in discoloration of the segment upon exteriorization of the proximal end of the segment.
For a flank exteriorization the position on the skin was marked prior to anaesthesia with the dog in a standing position. Selecting a flank site for exteriorization with the dog in a dorsal recumbency might result in misjudgment with the opening ending up too low in the flank. A hole for exteriorizing the proximal end of the intestinal segment was made by the use of the punching tool, ensuring that the hole was made perpendicular to the skin and muscle layers of the abdominal walL An Allis tissue forceps was inserted into the abdominal cavity through the hole to grasp the proximal end of the segment and pulling it through to the outside. Ideally there should be no less than 1 em of intestine protruding above the skin surface.
The folded edge of the intestinal segment, forming the end of the nipple valve closest to the peritoneum, was sutured to the parietal peritoneum and abdominal muscles using deep horizontal mattress sutures using non absorbable braided polyester silicone treated fibre size 2-0 (Figs 8 and 9 ).
Throughout the entire procedure attention was given to the vascularity of all parts of the intestinal segment. Through each step of the procedure the colour of the segment was repeatedly checked. If cyanosis occurred after the placement of a suture, that suture was removed and replaced with a slightly different orientation that did not disrupt circulation. The abdominal incision was closed with . one layer of continuous sutures of 2-0 braided polyglycolic acid, strengthened by 2-3 single interrupted sutures. The skin was closed with subcutaneous continuous suture technique.
The dog was then, if necessary, repositioned to gain better access to the exit site. In the case of flank exteriorization this meant turning it over into a lateral recumbency. The external end of the intestinal segment was secured in place by four single interrupted sutures between the serosa and subcutaneous tissue using 3-0 pulling absorbable braided polyglycolic acid. Finally, mucocutaneous sutures were leaving a protruding column about 1 em long. If the exteriorized part of the intestine was too long it was trimmed to desirable length at this point. Experience has shown that in time the protruding intestinal segment will shorten to become almost flush with the skin surface, there have, however, been problems with epithelial overgrowth in cases where the end was left too short.
Results
Fourteen dogs were prepared surgically with nipple valves for intestinal access. Of these 14 dogs, two were instrumented for tablet administration in the colon, three were instrumented with two nipple valves exteriorized on the abdomen giving access to the duodenum and ileum and nine dogs were instrumented with one nipple valve between the flank and the duodenum. The average time of instrumentation was 34 weeks, ranging from> 16 to > 76 weeks with nine of the dogs still alive and well today. Of the five dogs that were euthanized one was excluded due to complications arising from the nipple valve. In that case the exteriorized part of the nipple valve had become too hard to maintain due to epithelial overgrowth. This otherwise healthy dog was euthanized 60 weeks post surgery. Of the remaining four dogs that were euthanized three were excluded due to complications with other simultaneous instrumentation and one was euthanized due to symptoms of haemolytic anaemia occurring 10 weeks post surgery.
In the first four dogs the punch tool was not used to create the opening through which the intestinal segment was exteriorized. In all of these dogs there were problems with epithelial overgrowth requiring expansion of the opening at regular intervals. None of the dogs operated since has had a problem with overgrowth except for one where the exteriorized intestinal segment was trimmed too short. Two dogs have had oedematous swellings around the exit site 2 and 7 months post surgery. Both were opened and drained and healed within 1-2 weeks with no further complication.
Discussion
The nipple valve technique has, at Astra Hassle, replaced the straight stoma which was the previous technique used for intestinal access with an intestinal fistula created by interposing an isolated 20 em long intestinal section between the duodenum, anastomosed end-to-side and exteriorized in the flank of the dog. Several years of experience of the surgical technique and use of straight stomas for intestinal substance administration enable a comparison to be made with the technique using the nipple valve. Straight stomas at the authors' facility not uncommonly lasted up to 8 years when the animal was euthanized due to old age but there were some complications. Due to lack of valve function the straight stomas often leaked profusely for 5-6 weeks post-operatively, after which the problem of leakage disappeared. One way to prevent leakage with straight stomas was to avoid making the opening through the muscle wall too large, a small hole made by blunt dissection created the self-closing function necessary to bring the leaking down to an ethically accepted volume. Two to three years post-operative problems often occurred with dermal overgrowth over the exit site in the flank. The opening then had to be cut open or expanded regularly.
A successful nipple valve stops leakage completely. Without the problem with leakage a larger and different type of opening can be made through the muscle wall of the flank or abdomen providing enhanced blood supply to the exteriorized end of isolated intestinal segment. With an adequate blood supply to the exteriorized end of the intestinal segment it will not retract below the skin edges thus preventing epidermal overgrowth. This is the advantage of the large circular hole made with the punch tool.
There should not be a problem with overgrowth of the nipple valves although follow-up time is still short. Judging by past experience of intestinal fistulas where the punching tool was used and by the appearance of the exterior part of the nipple valves today the long-term outlook for the technique is promising. Figure 10 shows an example of how the exteriorized part of the intestinal segment appears. This particular Labrador retriever was approximately 6 months post surgery at the time the picture was taken. The surrounding area of the flank was shaved for a better view.
Another improvement with the nipple valve is the short distance from the exit site to the intestinal lumen (5-7 em) compared to the straight stoma (15-20 em) which provides easier access to the intestinal lumen and allows the use of shorter probes or cannulas.
A similar technique to accomplish a continent intestinal fistula has previously been described in the literature but in that study the dogs were only followed for 8 weeks post surgery. The study included eight dogs of which two had to be euthanized within one week of surgery due to post surgical complications (Casanova et al. 1980) .However, there are several important differences between the present technique and their method. First the intussusception of the nipple was secured by removing the serosa before invagination and deep silk sutures after invagination. This technique was tried in the seventies to secure the nipple valve when constructing the Kock's pouch outlet nipples in patients operated with continent ileostomies or continent urinary diversion. It was abandoned after some years since a high percentage of the nipples deinvaginated. Much better results were obtained with the present technique where fixation of the nipple is obtained by muscular/muscular adhesion after removing the mucosa. Furthermore, the nipple length used by Casanova et al. 13 cm) is according to the authors' experience too short to achieve safe continence. A nipple length of 6 em is preferred. In an experimental study on patients with continent ileostomies it has been demonstrated that the high pressure zone (approximately equal to the length of the invaginate) should be at least 5 cm to achieve continence in these type of nipples (Myrvold & Jonsson 1979) .In addition the technique to increase the diameter of the intestine harvesting the nipple by detubularization when required due to a small ratio of intestinal luminal diameter/intestinal wall thickness has not been described earlier in connection with the construction of continent intestinal fistulas.
The nipple valve is a technique which can be used for different types of corporeal access.
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Many complications are avoided by not using any foreign material which in tum makes it possible to use an animal repeatedly over a long period of time without compromising the quality of life for that animal.
